1. Introduction
===============

The conventional approach of open liver resection is considered an effective treatment option.^\[[@R1],[@R2]\]^ Laparoscopic liver resection was first attempted in 1992.^\[[@R3]\]^ Currently, with the rapid development of hepatic surgery and laparoscopic surgical techniques, laparoscopic liver resection is gaining popularity.^\[[@R4]--[@R9]\]^ Left lateral hepatic sectionectomy (LLHS) represents the most common procedure in many laparoscopic series worldwide and is particularly suitable for minimally invasive surgery because the left lateral lobe is more likely to be exposed than other segments during surgery owing to its small volume in the abdominal cavity, relatively independent vascular branching and clear vasculature gradation.

Open left lateral hepatic sectionectomy (OLLHS) is performed through a abdominal incision. The surgery is performed by resecting lesions using open surgical instruments, and hemostasis is achieved by intraoperative pedicle clamping to control the liver blood flow. However, the treatment leaves a noticeable scar and the recovery is painful and slow. The ideal treatment for liver surgery should be simple, minimally invasive, and reliable. Additionally, it should allow fast functional recovery, cause minimal pain, and be affordable for the patients. Laparoscopic left lateral hepatic sectionectomy (LLLHS) fulfils those requirements.^\[[@R10]\]^ However, in the past, important LLLHS drawbacks were that the surgery was relatively complex, demanded a long time, and showed higher incidence of postoperative complications such as bleeding and gas embolism compared to OLLHS.^\[[@R11]\]^ Thus, until more studies were performed, there was no conclusion about which technique was superior.

Recently, some scholars proposed laparoscopy as the gold standard for LLHS.^\[[@R12],[@R13]\]^ However, this proposal was based on a single-center study. The limited availability of clinical data and the lack of multicenter studies make it difficult to support this view. Furthermore, no clear guidelines for the indications of the laparoscopic approach are available. The purpose of this study was to perform a pooled analysis of published data on both laparoscopic and OLLHS.

2. Methods
==========

2.1. Literature search
----------------------

A systematic search was carried out using PubMed, Embase, Cochrane Database of Systematic Reviews, and Ovid Medline with the following keywords: hepatectomy, left lateral liver resection, segments II and III, laparoscopic hepatectomy, and laparoscopic versus open. The search was conducted to include articles published between the date of the creation of the electronic resource and May 20, 2016. Additionally, we searched the reference lists of selected papers and systematic reviews for potentially relevant studies missed by the original search. Two reviewers independently selected the eligible studies. Disagreement on article inclusion between the 2 reviewers was resolved by discussion with a third reviewer. This study protocol followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses statement and the Cochrane Handbook for Diagnostic Test Accuracy Reviews. Institutional review board approval and patient consent were waived because of the review nature of this study. The qualities of studies were assessed using Newcastle--Ottawa scale (NOS).^\[[@R14]\]^ A star system of the NOS (range, 0--9 stars) has been developed for the evaluation (Table [1](#T1){ref-type="table"}). The study was approved by the Second Affiliated Hospital of Nanchang University Ethics Committee.
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2.2. Inclusion and exclusion criteria
-------------------------------------

All case--control studies in which LLLHS were compared with OLLHS were selected. Studies were included if they involved patients with no requirement of additional procedures, no history of upper laparotomy and who had the LLHS (including malignant, benign and normal results). Additionally, included studies must have reported data on analgesia, pedicle clamping, malignancy, blood transfusion, mortality, total morbidity, operative time (minutes), length of hospital stay (days), hospital expense (dollars), blood loss (milliliters), and/or postoperative alanine aminotransferase (ALT) levels.

The total morbidity included bile leakage, bleeding, ascites, pneumonia, incisional hernia, abscess, urine infection, ulcer, and pulmonary embolus.

The exclusion criteria were articles not reporting outcomes, editorials, review articles, and animal studies. Neither authorship nor publisher information influenced our which articles were included.

2.3. Statistical analysis
-------------------------

The analyses were performed using Review Manager version 5.1 (RevMan, Cochrane Collaboration, Oxford, UK). The results of this meta-analysis are expressed as the odds ratios (ORs) for dichotomous data and mean differences (MDs) for continuous data, with 95% confidence intervals (CIs) for both. The inverse variance method was used for continuous variables, whereas the Mantel--Haenszel method was used for dichotomous variables. Statistical heterogeneity was evaluated by χ^2^ test. *P* \<.05 was considered significant. If heterogeneity was significant, we used the random-effects model. Otherwise, we used the fixed-effects model. If data were reported as median and range rather than mean and standard deviation (SD), the mean and SD were estimated as described previously.^\[[@R15]\]^

3. Results
==========

3.1. Study selection and characteristics
----------------------------------------

Figure [1](#F1){ref-type="fig"} illustrates the search process and the final selection of relevant studies. We analyzed 14 trials,^\[[@R16]--[@R29]\]^ involving 685 patients, that met the criteria (Table [1](#T1){ref-type="table"}).
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3.2. Operative time
-------------------

Information on operative time was provided in all 14 trials. There was no statistically significant difference between the LLLHS and OLLHS groups (MD −6.46, 95% CI −27.25--14.33; *P* = . 54; Fig. [2](#F2){ref-type="fig"}A).
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3.3. Blood transfusion, blood loss, and pedicle clamping
--------------------------------------------------------

Thirteen trials reported information on blood loss, 7 trials reported transfusion information, and 3 trials included information on the need for pedicle clamping. Eight of 202 patients (3.96%) and 20 of 187 patients (10.7%) required blood transfusion in the LLLHS and OLLHS groups, respectively. The need for blood transfusion (OR 0.33, 95% CI 0.14--0.73; *P* = .007; Fig. [2](#F2){ref-type="fig"}B) and blood loss (MD --104.09, 95% CI −140.95 to −67.23; *P* \<.001; Fig. [2](#F2){ref-type="fig"}C) in the LLLHS group were significantly lower than in the OLLHS group. Pedicle clamping was performed in 20 of 59 patients (33.9%) in the LLLHS group and 23 of 51 patients (45.1%) in the OLLHS group. The number of patients requiring pedicle clamping did not differ significantly between the 2 groups. (OR 0.87, 95% CI 0.42--1.80; *P* = .70; Fig. [2](#F2){ref-type="fig"}D).

3.4. Hospital stay
------------------

The length of the hospital stay was evaluated in 14 studies. The patients in the LLLHS group had a shorter hospital stay than the OLLHS group by an average of 3.08 days (95% CI --3.84 to --2.31; *P* \<.001; Fig. [3](#F3){ref-type="fig"}A).
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3.5. Hospitalization costs
--------------------------

Information on hospitalization costs was reported in only 3 trials. The patients in the LLLHS group incurred lower hospitalization costs than the OLLHS group by an average of \$1665.64 (95% CI --8670.19--5338.90; Fig. [3](#F3){ref-type="fig"}B), but this difference was not significant (*P* = .64). Furthermore, there was substantial heterogeneity in hospitalization costs among the included studies (*P* \<.001).

3.6. Total morbidity
--------------------

Thirteen trials provided information on total morbidity. The occurrence of total morbidity was 12.3% (44 out of 358 patients) and 27.2% (83 out of 305 patients) for the LLLHS and the OLLHS groups, respectively. The total morbidity in the LLLHS group was significantly lower than that in the OLLHS group (OR 0.37, 95% CI 0.24--0.56; *P* \<.001; Fig. [3](#F3){ref-type="fig"}C).

3.7. Postoperative analgesia and ALT levels
-------------------------------------------

Only 2 trials included information about analgesia, and only 3 trials reported postoperative ALT levels. There were no statistically significant differences in analgesia (MD −1.92, 95% CI −5.63--1.78; *P* = .31; Fig. [4](#F4){ref-type="fig"}A) or postoperative ALT levels (MD 28.02, 95% CI −69.44--125.47; *P* = .57; Fig. [4](#F4){ref-type="fig"}B) between the LLLHS and OLLHS groups.
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3.8. Liver resection volume
---------------------------

Two trials reported resection liver volume. The resection volume in the OLLHS group was significantly larger than that in the LLLHS group (MD --35.23, 95% CI --60.3 to --10.16; *P* = .006; Fig. [4](#F4){ref-type="fig"}C).

3.9. Tumor resection margin and recurrence
------------------------------------------

The resection margin was evaluated in 5 studies, and tumor recurrence was evaluated in 3 studies. There were no significant differences between the LLLHS and OLLHS groups for the resection margin (MD 0.63, 95% CI --3.02--4.28; *P* = .73; Fig. [4](#F4){ref-type="fig"}D) or tumor recurrence (OR 1.25, 95% CI 0.51--3.05; *P* = .62; Fig. [4](#F4){ref-type="fig"}E).

3.10. Publication bias
----------------------

In the present meta-analysis, the funnel plots for blood transfusion (Fig. [5](#F5){ref-type="fig"}A), blood loss (Fig. [5](#F5){ref-type="fig"}B), hospital stay (Fig. [5](#F5){ref-type="fig"}C), total morbidity (Fig. [5](#F5){ref-type="fig"}D), and liver resection volume (Fig. [5](#F5){ref-type="fig"}E) showed basic symmetry. No significant publication bias was observed. The results were similar, and the combined results were highly reliable.
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4. Discussion
=============

With recent advancements in laparoscopic technology, laparoscopic liver resections can be performed safely with high efficiency and minimal morbidity and mortality.^\[[@R10],[@R12],[@R30]--[@R32]\]^ However, laparoscopic liver resections have not gained wide acceptance for the following reasons. First, the liver blood supply comes from 2 different blood vessels, namely the hepatic artery and the portal vein, commonly causing bleeding during the resection. Furthermore, it is difficult to accurately control bleeding by laparoscopy. Second, inadequate surgical field exposure causes hepatic lesions, making it difficult to control hemostasis, increasing the operative time. Third, certain useful techniques typically applied during open hepatectomy are difficult to implement in laparoscopic liver resection, such as vessel hemostasis by applying pressure to the wall, and stitching. Fourth, there are concerns that laparoscopic liver resection may lead to the spread of malignant cells or that the resection margins may be insufficient. Finally, the availability of the equipment needed for laparoscopic liver resection is limited compared with that needed for open liver resection.

The left lateral hepatic lobe has unique anatomical features. It occupies a relatively small volume in the abdomen, in proximity to the abdominal wall. Additionally, it exhibits a relatively simple intrahepatic duct line and clear borders with the surrounding organs. These anatomical features of the left lateral hepatic lobe constitute favorable conditions for LLLHS. Because of these features, it is relatively simple to perform laparoscopic or open hemihepatectomy. In recent years, the number of LLLHSs has increased. The procedure has matured and constitutes a treatment option for liver tumors, hepatic cavernous hemangioma, and intrahepatic bile duct stones, provided that the lesions are located in the left lateral hepatic lobe. It has been further suggested that LLLHS should be the gold standard treatment for left lobe lesions, but such suggestions lack large-sample multicenter clinical evidence to support them. In our work, we considered the operative time, postoperative complications, blood loss, and hospital stay, reported in many individual studies, in order to compare and analyze LLLHS and OLLHS. We found that the LLHS indeed has advantages over the open resection procedure.

A previous study reported shorter operative time for open resection and no significant difference in blood loss between LLLHS and OLLHS groups.^\[[@R13]\]^ However, our results showed that the operative time in the LLLHS group was similar to that in the OLLHS group, whereas the total morbidity rate was lower in the LLLHS group. We believe that these discrepancies in the results are due to 2 reasons. One reason is that the previous work was published in 2011 and only 7 studies were included. Our research is more up to date and included 14 studies. The other reason is that operative time decreased over time, suggesting that surgeons effectively improved their technical skills over time and gained confidence with the surgical field, reflecting the standardization of surgical steps. Additionally, the worldwide use of Endo GIA staplers made the LLLHS simpler and safer.^\[[@R33]\]^

Occasional bleeding and hepatic vein injuries are the most common hepatectomy risks, regardless of the approach.^\[[@R12]\]^ It is not as easy to control bleeding during laparoscopic hepatic resection as it is during open hepatic resection. Nevertheless, our results showed that the patients in the LLLHS group were less likely to require blood transfusion and experienced less blood loss compared with those in the OLLHS group, whereas the number of patients requiring pedicle clamping did not significantly differ between the 2 groups. Additionally, the total morbidity in the LLLHS group was significantly lower than that in the OLLHS group. There was 1 patient death in the OLLHS group, and no patient death in the LLLHS group. Furthermore, the LLLHS hospitalization costs were \$1665.64 lower than those for OLLHL (however, this difference was not statistically significant). There was no statistically significant difference between the 2 groups for postoperative use of analgesics or ALT levels.

The ideal level for left lateral hepatic lobe resection is in the sagittal plane, which passes 1 cm to the left of the incisure of the round ligament of the liver. The major blood vessels through this plane include the upper and inferior branches of the left lateral hepatic portal vein as well as the main and superior left branches of the hepatic vein. They are distributed in the 2 superior thirds of this plane. Therefore, a detailed preoperative evaluation is indispensable. Preoperative computed tomography for vascular exploration, magnetic resonance imaging, or digital subtraction angiography can not only reveal the size of the lesions but also reveal any variations in the blood vessels or the biliary tract.

The central venous pressure is kept between 4 and 6 cm H~2~O, which represents the optimal intraoperative range for reducing bleeding and hepatic vein reflux.^\[[@R34]\]^ Moreover, the use of the Endo GIA stapler not only greatly reduces operative time but also effectively prevents bleeding. The surgical expertise and instruments used (such as the ultrasonic dissector, argon beam, LigaSure, microwave coagulators, and ultrasound laparoscopic transducer), together with Endo-GIA vascular staplers and suturing techniques, are improving constantly, leading to a rapid, worldwide increase in the popularity of laparoscopic liver resection.

For tumor patients, the concerns regarding insufficient margin resection and tumor rupture, both causing cancer cells to seed through surgical ports, have prevented the widespread application of laparoscopic liver resection.^\[[@R12]\]^ However, we found that there were no statistically significant differences between the LLLHS and OLLHS groups regarding the pathological resection margin or tumor recurrence. To our knowledge, reports of hypercapnia and carbon dioxide gas embolism are very rare.^\[[@R14]--[@R29]\]^

Our study should be interpreted with caution due to its limitations. First, the patient selection process may have been biased. The standards were different for different trials, depending on the technology used, on the expertise level of the surgeons, and on the anatomical conditions of the patients. Moreover, no randomized controlled trials were included in our study. Second, there were insufficient data to allow reliable comparison of the long-term postoperative recurrence rate and survival rate between the LLLHS and OLLHS groups for tumor patients. Third, although we tried to identify all relevant data, potential publication bias was unavoidable; therefore, some relevant data may have been overlooked. Finally, since this study was based only on reports published in English, publication bias could not be completely ruled out.

Consistent with the modern concept of enhanced recovery after surgery, the results show that although LLLHS requires higher laparoscopic skills and has a longer learning curve,^\[[@R30]\]^ it was worth recommending for treating left lobe lesions. Laparoscopic technology was applied for the first time in cholecystectomy in the 1980s,^\[[@R35]\]^ and now laparoscopic cholecystectomy has fully replaced open cholecystectomy. Similar to laparoscopic cholecystectomy, LLLHS is expected to become the gold standard for the treatment of left hepatic lobe lesions.

Abbreviations: ALT = alanine aminotransferase, CIs = confidence intervals, LLHS = left lateral hepatic sectionectomy, LLLHS = laparoscopic left lateral hepatic sectionectomy, MDs = mean differences, NOS = Newcastle--Ottawa scale, OLLHS = open left lateral hepatic sectionectomy, ORs = odds ratios, PRISMA = Systematic Reviews and Meta-Analyses, SD = standard deviation.
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